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Sierpinski Bow-Tie antennaIn this present work, the author has presented Sierpinski Bow-Tie antenna which is meant for the per-
spectives of triple bands. The designed antenna as made to resonant from 2 GHz to 11 GHz focusing
on covering the aspects of 2.211–2.348 GHz, 4.777–5.150 GHz and 8.874–10.12 GHz. As a result, it pro-
duces good coverage of applications, gain of 10.29 dBi at highest frequency level, broadside radiation pat-
tern and most importantly, the multiple band performance is achieved. Rogers RT Duroid 5870 substrate
is used as it has a permittivity value of 2.33 with the console of the FDTD domain solver in the form of
CST-MWS. The main motive behind this design is that on previous occasions, the gain factor is, as always
compromised due to lagging in constructional point of view where antennas working for multiple bands
suffer a lot, which is pretty much as achieved in this case. A complete explanation regarding the design of
Sierpinski Bow-Tie antenna with its behavior has been presented. Genetic algorithm, electromagnetic
optimizer highlights on parametric variation of the antenna. ADS platform is used for providing the
lumped equivalent model analysis for designed antenna.
 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
1st definition of the Ultra Wideband (UWB) systems for most of
commercial applications has been provided on February 2002 by
Federal Communication Commission (FCC) [FCC02]. Then the FCC
allocated the frequency band for communication applications with
range of 3.1–10.6 GHz [1–3], antennas working in this wideband
requires perspectives of covering on sub-bands. Electromagnetic
optimization problems involve the presence of large number of
parameters. These parameters can be continuous, discrete or both
nature and which includes constraints in range of allowable values.
Solution domain of all electromagnetic optimization problems
often has non-differentiable and/or discontinuous regions and as
always utilizes an approximation of true electromagnetic series
of steps, conserve the computational resources. These often test
capabilities of traditional optimization methods such as Genetic
algorithms [4–5]. Previously prototypes were developed to achieve
foremost goal of achieving multiple band performance but gain
was the factor upon whose feat couldn’t be achieved [6–11]. In
order to overcome this, the author has proposed the design of Sier-
pinski antenna that not only maintains gain throughout the band
but it brings on performance in terms of achieving triple band res-
onating frequencies with a provision of 137 MHz (S-Band Range),
373 MHz (C-Band Range) and 1.246 GHz (X-Band Range) band-
width at the highest level of frequencies [12]. The paper is orga-nized as follows. Section 2 describes how we can proceed for the
designing of Sierpinski Bow-Tie antenna. What are the principles
behind their construction is also explained in the same section.
Section 3 explains about the behavior of antenna under different
circumstances followed up parametric variation by Genetic algo-
rithms, equivalent lumped circuit model by using ADS platform
and the comparative analysis with respect to existing prototypes.
Section 4 explains insights and future implementation of the
designed antenna.2. Antenna design
The self-similarity of fractal geometries lend them on to the
multi-band antenna designs. A simple fractal geometry that pro-
vides as multi-band performance in antenna applications is the
Sierpinski gasket. The characteristics of the Sierpinski gasket, as
results in antenna bands spaced approximately by a factor of 2
[13]. Hence, the antenna performances (pattern and impedance)
in each band are as identical, up to the point where truncation
and substrate effect comes into action. Other band spacing’s are
possible by modifying the Sierpinski geometry [14,15]. The Sier-
pinski Bow-tie antenna is easy to construct and it is commonly
supported by a dielectric substrate or constructed by using sus-
pended metal cut-outs. When a substrate is used, thin low-
permittivity substrates are as preferred to avoid the degradation
of antenna performances. Fig. 1 shows Sierpinski gasket that can.1016/j.
Fig. 1. Sierpinski Bow-Tie antenna (a) Sierpinski gasket (b) Top view (c) Side view.
Table 1
Design parameters of Sierpinski Bow-Tie antenna.
Modeling parameters Dimensions
Arm Length, La 66.09 mm
Feed Gap, Sf 2.142 mm
Feed Line Width, Wf 2.142 mm
Flare Angle, hf 60
Number of Fractal Iterations, N 3
Table 2
Parameters of substrate for Sierpinski Bow-Tie antenna.
Modeling parameters Dimensions/Values
Substrate Name Rogers RT Duroid 5870
Height of Substrate, Hs 0.787 mm
Relative Permittivity, er 2.33
Tan Delta 850 e-6
2 B.R. Behera / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxxbe formed by starting with a metallic triangle which is similar to
one arm of a standard bow-tie antenna.
The first iteration is performed by removing all the metal in a
triangle formed by connecting the centre points of the sides of
original triangle. The second iteration is formed by removing the
metal of the mid-point triangles of the three metalized triangles
those were made from the first iteration, resulting in 9 metalized
triangles. Subsequent iterations are formed repeatedly removingFig. 2. Reflection co-efficients cha
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previous iteration. The Sierpinski Bow-Tie antenna is fed at the
centre point between two main triangular arms. Since the Sierpin-
ski Bow-Tie antenna is a fully balanced design, a balun must be
used if it is fed using a coaxial or other unbalanced transmission
lines. The balun is designed to provide an impedance matching
[16]. The Sierpinski Bow-Tie antenna has a distinct operating
mode, as they encounter for enhancing multi-band performances
[17]. All the major dimensions of the proposed antenna are shown
in Table 1 along with details of substrate used in Table 2.3. Results discussion and analysis
After finding all the theoretical explanations regarding design
modeling, now the author has move forward in extracting out
the behavior or performance of various antenna parameters.
Fig. 2 shows the variation in reflection coefficients (dB) with fre-
quency (GHz)
The results demonstrate that the proposed antenna produce tri-
ple band operation from 2.211–2.348 GHz, 4.777–5.150 GHz and
8.874–10.12 GHz [12]. Fig. 3 shows the 50 ohm impedance charac-
teristics of proposed antenna. Sierpinski Bow-Tie antenna has good
impedance behavior in a several log-spaced bands depending on
how many fractal iterations are included in the geometry [13].
Fig. 4 presents radiation pattern of the antenna operating at tri-
ple resonating frequencies i.e. 2.211–2.348 GHz, 4.777–5.150 GHzracteristics of the prototype.
genetic algorithm, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.
Fig. 3. Impedance characteristics of prototype (a) Smith chart (b) Impedance v/s Frequency.
Fig. 4. Radiation pattern of the prototype at different frequencies (a) 2.4 GHz (b) 4.6 GHz (c) 9.7 GHz.
Fig. 5. Gain pattern of the antenna (a) 2.4 GHz (b) 4.6 GHz (c) 9.7 GHz.
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Fig. 6. Reflection co-efficients characteristics of the prototype obtained after doing the parametric variation using genetic algorithm.
Table 3
Dimension range to design the prototype obtained by performing genetic algorithm.
Modeling parameters Dimensions
Arm Length, La 52.87–79.30 mm
Feed Gap, Sf 0.712–3.712 mm
Feed Line Width, Wf 0.712–3.712 mm
Flare Angle, hf 45–90
Number of Fractal Iterations, N 1–5
Table 4
Guideline to design the prototype obtained by performing genetic algorithm.
Parameters Optimum range [21] Used in antenna design
Population range 30–100 45
Probability of crossover 0.6–0.9 0.7
Probability of mutation 0.01–0.1 0.09
Replacement strategy Steady state Steady state
Fig. 7. Parametric variations (a) variations in arm length, La (b) variations in feed gap, Sf (c) change in flare angle, hf (d) change in number of fractal iterations, N.
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Fig. 7 (continued)
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to be producing broad-side radiation pattern. After presenting
the performances of the antenna parameters like S11 characteris-
tics, radiation pattern, the main thing remains is the gain at each
of the resonating frequencies from 2.211–2.348 GHz (2.4 GHz as
peak), 4.777–5.150 GHz (4.6 GHz as peak) and 8.874–10.12 GHz
(9.7 GHz as peak) which is shown in Fig. 5. It is observed that gain
is usually more than 6 dBi which is greater than that of the anten-
nas like microstrip patch antenna, monopole antenna and the cir-
cular patch antenna [18–20] and prototypes of multi-band
performances antennas [9–11].
It is observed that the proposed antenna exhibits 6.238 dBi at
1st Peak (2.4 GHz), 10.29 dBi at 2nd Peak (4.6 GHz) and 8.077
dBi at 3rd Peak (9.7 GHz). It is observed that a bandwidth of
45.96% is evolved out.
Further the author has used an electromagnetic optimizer
known as genetic algorithm [4,5,21] to find best parametric varia-
tion to yield out the impact of modeling parameters on the overall
behavior as shown in Fig. 6 with optimum range of dimensions in
Table 3.
For computing genetic algorithm [4,5] certain concepts to keep
in mind:
1. Population
2. ParentPlease cite this article in press as: B.R. Behera, Sierpinski Bow-Tie antenna with
jestch.2016.10.0173. Child
4. Chromosome
5. Fitness
Certain implementation guideline must be followed while
implementing on genetic algorithm [21] as shown in Table 4.
Fig. 7 shows the impact of individual parametric variations on
the behavior of prototype as the following parameters are varied:
1. Change in arm length, La and change in feed gap, Sf.
2. Change in flare angle, hf and change in number of iterations, N.
In the later part, L-C matching has been carried in the form of
equivalent circuits in which the lumped elements are used as
shown in Fig. 8 for operating at triple frequencies i.e. is
2.211–2.348 GHz, 4.777–5.150 GHz, 8.874–10.12 GHz with their
LC combinations in Table 5. All the values obtained, go for the
matching at 50 ohm impedance at frequencies of 2.4 GHz,
4.6 GHz & 9.7 GHz. It is of the cases of impedance matching in
antenna systems that regulate the essential conditions of power
transfer as it is absorbed and radiated by it.
In the next phase, we can also go for MMIC analysis in the form
of lumped equivalent circuit model which is carried in ADS envi-
ronment with equivalent circuit as shown in Fig. 9. As the antenna
input impedance at the resonating frequencies is similar to that ofgenetic algorithm, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.
Table 5
Combinations for equivalent circuits of the prototype.
Resonating frequencies Combination of lumped elements
1st frequency range (2.211–2.348 GHz) L1 = 2.90 nH, C1 = 3.70 pF
L2 = 0.119 nH, C2 = 1.6 pF
2nd frequency range (4.777–5.150 GHz) L3 = 5.29 nH, C3 = 5.83 pF
L4 = 2.05 nH, C4 = 7.74 pF
3rd frequency range (8.874–10.12 GHz) L5 = 0.88 nH, C5 = 7.77 pF
L6 = 3.49 nH, C6 = 9.04 pF
Fig. 9. Equivalent circuit for th
Fig. 8. L-C matching circuits of the prototype at different frequencies: 2.4 GHz, 4.6 GHz and 9.7 GHz with the equivalent display of results.
6 B.R. Behera / Engineering Science and Technology, an International Journal xxx (2016) xxx–xxx
Please cite this article in press as: B.R. Behera, Sierpinski Bow-Tie antenna with
jestch.2016.10.017lumped parallel RLC circuit. It also provides an accurate description
for the input impedance response of the antenna through lumped
entities that model the distributed elements as shown in Fig. 10.
In the last part, comparative analysis has been provided with
respect to existing designs as it is specifically meant for providing
multi-band performance as shown in Tables 6 and 7.
Here the comparison was done by taking into consideration of
gain, resonating frequencies of all the already reported papers with
respect to the designed antenna.e resonating frequencies.
genetic algorithm, Eng. Sci. Tech., Int. J. (2016), http://dx.doi.org/10.1016/j.
Fig. 10. MMIC analysis of the prototypes (a) comparison of equivalents (b) comparison of CST-simulated V/s ADS-equivalent (c) comparison of CST-simulated V/s CST-equivalent.
Table 6
Comparison with existing prototypes-I.
Parameters [6] [7] [8] Designed antenna Change
Gain 7.2 dBi 5.9 dBi 7.8 dBi 8.07–10.2 dBi Improved
Resonating
frequencies
3.1–4.6 GHz,
9.1–10.6 GHz
5.15–5.825 GHz 5 GHz, 6 GHz 2.211–2.348 GHz, 4.777–5.150 GHz,
8.874–10.12 GHz
Improved in
Bandwidth
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Table 7
Comparison with existing prototypes-II.
Parameters [9] [10] [11] Designed antenna Change
Gain 5.15 dBi 4–5 dBi 4–5 dBi 8.07–10.2 dBi Improved
Resonating
frequencies
2.4 GHz, 3.8 GHz,
5.5 GHz
2.8–14 GHz 4.2–6 GHz, 6.4–8 GHz,
9–10.6 GHz
2.211–2.348 GHz 4.777–5.150 GHz
8.874–10.12 GHz
Improved in
Bandwidth
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In this present paper, the author has been successful in design-
ing the prototype for triple band operation from 2.211 GHz to
2.348 GHz, 4.777 GHz to 5.150 GHz and 8.874 GHz to 10.12 GHz
searching for the applications in terms of multi-band performance.
Besides doing simulations, L-C matching and MMIC analysis are
carried out that represented the antenna into lumped equivalent
circuit model with emphasis of proper regulation in terms of the
associativity of power and in real time based on scenarios. Proper
matching was found with results obtained from two different plat-
forms. In order to bring the best possible outcomes in the paramet-
ric variation, Genetic Algorithm as a primitive source of
electromagnetic optimizer was used. GA is used as compared to
other conventional techniques because of its working mechanism
and optimum use of computational resources as compared to other
conventional techniques. All the performances of designed antenna
were compared with existing or already reported multi-band pro-
totypes in terms of gain and resonating frequencies. Because for
carrying out multi-band performances, the gain must be at highest
optimum level, this is already seen or achieved in this work. There-
fore with the incumbent of all simulation & circuit analysis leads to
further strengthening in terms of real time implementation. For
the future course, split ring resonators (SRR) concept as the con-
stituent part of metamaterials would be implemented for reducing
the size of antenna and to increase its functionalities to next level.
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